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 The thrips Gynaikothrips ﬁcorum and
its predator Montandoniola confusa
are associated and spreading
alongside one another throughout
Brazil.
 M. confusa prey upon all thrips life
stages and exhibits a type II
functional response.
 It is estimated 10-fold greater
predation on eggs compared to
larvae/prepupae and adult thrips.g r a p h i c a l a b s t r a c ta r t i c l e i n f o
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The gall-forming thrips Gynaikothrips ﬁcorum Marchal (Thysanoptera: Phlaeothripidae) is recorded in all
regions where its host plant, Ficus microcarpa (Marchal) (Moraceae), has been cultivated as an urban and
interior landscape plant species, including potted plants and bonsai. Similarly, the thrips predator Mon-
tandoniola confusa Streito & Matocq (Hemiptera: Anthocoridae) has generally followed the prey distribu-
tion. The gall induced by thrips degrades the plant foliage, and the thrips themselves can be annoying for
people both outdoors and indoors. The galls, however, create a microcosm with all developmental stages
of the thrips and its predator. In this study we present the ﬁrst records of M. confusa in South America,
document the species’ widespread concomitant occurrence across Brazil, and report our studies of three
aspects of M. confusa predation upon the eggs, larvae/prepupae, and adults of G. ﬁcorum thrips: (i) func-
tional response of the predator adult female as a function of different densities of thrips eggs, larvae/pre-
pupae and adults separately: (ii) predation on eggs by adult M. confusa with adult thrips present in the
gall; and (iii) adultM. confusa prey preferences when all thrips stages occurred simultaneously in the gall.
For all three thrips life stages tested, the predator exhibited a type II functional response. Despite the
availability of different life stages in the gall, M. confusa adults are capable of preying upon all life stages
of G. ﬁcorum, predation was preferentially on thrips eggs, with an estimated 10-fold greater predation
on eggs compared to larvae/prepupae and adult thrips. Egg predation was unaffected by the presence of
defensive adult thrips in the gall under low densities (<30 eggs/gall) but when egg densities were greater
than 30 eggs/gall, it was reduced when adult thrips were present. However, the relative number of thrips
adults per gall did not statistically change the outcome.
 2013 Elsevier Inc. All rights reserved.
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Species of Montandoniola are predators of gall-forming thrips,
including 20 species of Phlaeothripidae and ﬁve species belonging
to the genus Gynaikothrips (Dobbs and Boyd, 2006; Yamada et al.,
2011). According to Pluot-Sigwalt et al. (2009), the predator Mon-
tandoniola confusa Streito & Matocq has been erroneously cited as
Montandoniola moraguesi (Puton) or Macrotrachiella nigra Parshley
in the Americas. Therefore, data published in the Americas refer-
ring to those two species should be applied to M. confusa. Further,
based on the data reviewed by Pluot-Sigwalt et al. (2009) seems to
be worldwide distributed associated to its prey.
Gynaikothrips ﬁcorum Marchal (Thysanoptera: Thripidae) is a
monophagous, gall-forming thrips of Ficus microcarpa L. f. (Mora-
ceae) (Mound et al., 1996; Mound and Marullo, 1996; Tree and
Walter, 2009). This species is commonly known as the Cuban laurel
thrips (Paine, 1992) or thrips of Ficus trees. It has been distributed
widely by the horticultural trade on the decorative F. microcarpa
across all continents, except Antarctica (Mound, 2009).
The galls induced by these thrips reduce the photosynthetic
activity of the plants and depreciate their ornamental value due
to discolored and curled leaves. Further, adult thrips can be very
annoying, landing and involuntarily biting people, causing skin
irritation (Piu et al., 1992).
The gall formed by thrips represents a microcosm hosting all
immature stages and thrips adults, their natural enemies, and
other gall inquilines. Predatory species recorded upon G. ﬁcorum
include the thrips egg predator Androthrips ramachandarai (Karny)
(Thysanoptera: Phlaeothripidae), heteropterans such as M. confusa
Streito & Matocq, and the larvae of Chrysoperla carnea (Stevens)
(Neuroptera: Chrysopidae) (Wolcott, 1953; Tawﬁk, 1967; Paine,
1992; Bennett, 1995; Held et al., 2005; Boyd and Held, 2006;
Arthurs et al., 2011). Interestingly, like the adults of several other
species among the Phlaeothripidae, both the pupae and the adults
of G. ﬁcorum exhibit a behavior that has been interpreted as egg de-
fense against such intruders (Mound, 2004). The behavior – raising
their abdomen toward the interloper while making quick back-
ward and forward movements – is displayed both against other
thrips walking in the gall and when nymphs and adults of M. con-
fusa approach the eggs.
The ﬁrst attempt to control Gynaikothrips with M. confusa
(=moraguesi) was done in 1964 by introducing this predator from
Manila, Filipinas, to the Pauoa Valley Island, Honolulu (Lewis,
1973). Further observations reported the establishment of the
predator in this locale (Davis and Krauss, 1965). Over the ensuing
decades, application of M. confusa has become an important way
to control the Cuban laurel thrips, G. ﬁcorum. In urban areas and
especially on plants maintained indoors, its use is favored because
of constraints upon the use of pesticides in such places. In addition,
even on outdoor plants or in nurseries, where the use of insecticide
sprays would be feasible, biological control with M. confusa offers
better ability to reach the thrips inside the galls. Recently, Arthurs
et al. (2011) releasedM. confusa into a greenhouse on Ficus benjam-
ina L. plants infested with Gynaikothrips uzeli Zimmerman (Thysa-
noptera: Phlaeothripidae); ﬁve weeks later, they measured a 95%
reduction in the thrips population and a 77% reduction in new gall
formation.
The development of G. ﬁcorum goes through eggs, two larval in-
stars, two pupal stages and the adult stage (Mound and Kibby,
1998). Egg to adult development of G. ﬁcorum at 25 C lasts about
22 days and adult female produce, on average, 125 eggs (Paine,
1992; Mound and Marullo, 1996). Eggs are whitish with a sausage
form and laid in groups on the leaf surface inside the gall. To gain a
more complete understanding of the behavioral interactions be-
tween the predatory bugMontandoniola and its prey Gynaikothrips,the investigations reported here had three objectives: (i) to deter-
mine M. confusa predation rate on eggs, larvae/prepupae, and
adults of G. ﬁcorum when these were available in different densi-
ties, using the functional response to analyze the predatory behav-
ior; (ii) to investigate the inﬂuence of adult (presumably parental)
thrips in the gall on egg predation by M. confusa; and (iii) to deter-
mine the predation rate ofM. confusa on eggs, larvae/prepupae, and
adults of thrips when these were offered singly or simultaneously
with other developmental stages in the gall across different ratios
of these stages.
2. Materials and methods
Trials were carried out in the Biological Control Laboratory of
the Universidade Federal Rural de Pernambuco (UFRPE), Recife,
PE. Insects were collected in the ﬁeld but later maintained in the
laboratory, where they were reared and studied in growth cham-
bers regulated to 12 h photophase and with temperature
(25 ± 0.8 C) and relative humidity (63 ± 8.8% R.H.) monitored at
30 min intervals.
2.1. Association of gynaikothrips and Montandoniola confusa
To accrue information about the distribution of the predator M.
confusa in relation to thrips infestations throughout Brazilian terri-
tory, the authors and other collaborators conducted surveys on
Ficus plants when galls were present on leaves. A minimum of
200 galls was inspected at each location, including several plants
randomly chosen in the same place. The survey covered 11
Brazilian states and the Federal District, including all ﬁve Brazilian
geographic regions. This procedure aimed only to verify whether
the predator was also present where the thrips were damaging
the plants; when present, the predator was collected to be identi-
ﬁed. The thrips G. ﬁcorum and G. uzeli are taxonomically closely
related, as are the species of their host plants, F. microcarpa and
F. benjamina including the cultivars. Thus, considering that M.
confusa prey on G. ﬁcorum and G. uzeli and can be present on both
ﬁcus species, the results of this survey are reported as prey on
Gynaikothrips spp. and Ficus spp.
2.2. Predator and prey
The initial study populations of the predator M. confusa and its
prey G. ﬁcorum were gathered from galls collected on plants of F.
microcarpa used in street landscape or plants used as green fencing
in gardens. The plants were identiﬁed according to the exsicata No.
35333 deposited in the Herbarium ‘‘Prof. Vasconcelos Sobrinho’’
(UFRPE). Predator and prey were collected in Recife, PE and some
neighboring cities (São Lourenço da Mata, Paudalho, Jaboatão dos
Guararapes, and Camaragibe), but especially in Aldeia, County of
Paudalho, PE (coordinates 7 550 47.2700 S and 35 020 28.4500 W).
In the laboratory the material was processed, transferring pred-
ator nymphs in the fourth and ﬁfth instars to 80-mL transparent
plastic containers (J. Prolab, São José dos Pinhais, PR). Galls con-
taining abundant eggs, larvae, pupae, and adults of thrips were
provided as prey to the predator nymphs. Thrips were replaced
every three days until predator nymphs molted to adult stage. Each
day, adults of M. confusa were collected and segregated by sex.
Adult sex can be determined by examining the last abdominal uro-
mere, which is curved laterally on males (Pluot-Sigwalt et al.,
2009). Later, male and female bugs were paired into plastic con-
tainers of 80-mL volume similar to those used to rear the nymphs.
Laboratory rearing provided additional M. confusa adults to
multiply the colony and as a source of known-age adults for
experimental trials. Adult anthocorids were offered thrips in all
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adults were opened, and with the aid of a soft brush, thrips of dif-
ferent developmental stages were gently brushed into the preda-
tors’ rearing containers. To provide moisture and an oviposition
substrate, each container also included a section (1 cm long) of
green bean [Phaseolus vulgaris L. (Fabaceae)] that had been dipped
into 5% sodium hypochlorite solution for 5 min, then washed with
tap water, to reduce microorganism development.
The prey originated from ﬁeld-collected galls or from galls pro-
duced by greenhouse-grown potted plants. Potted plants were kept
indoors to guarantee prey availability during the rainy season,
which in our location extends from April to September. This proce-
dure was required due to the annual thrips population crash
caused by the rainfall.
2.3. Functional response of Montandoniola confusa to different
densities of Gynaikothrips ﬁcorum
Adults of M. confusa 5–10 days old were used in this trial. To
equalize their satiation levels, they were deprived of prey for
24 h prior to trial initiation, but they were provided with a section
of green bean pod as a source of moisture during this period. Based
on previous tests of predation rates (Tavares 2013), different num-
bers of prey were provided, depending upon the developmental
stage of the thrips: 40, 60, 80, 100, 120, and 150 eggs; 1, 2, 8, 16
and 32 larvae/prepupae or adults. Treatments were established
with eggs (13, 15, 15, 15, 8, and 9 replications), larvae/prepupae
(15, 15, 15, 14, and 15 replications), and adults (17, 25, 22, 25,
28, and 24 replications). The different number of replications
established was a result of logistics – the time and labor required
to set up higher prey densities mandated a lower number of repli-
cations, variation in the results with adult thrips predation neces-
sitated a greater number of replications, and only replications with
live predators were considered in data analysis.
To study the predation capacity and preference of M. confusa
upon different stages of G. ﬁcorum in different densities, galls were
collected in the ﬁeld to assure a natural population structure in the
microcosms. We used only young galls, characterized by folded
leaves and the absence of chlorotic spots. We chose to include only
galls that included pale, whitish eggs, indicating they were not
close to eclosion. To obtain the respective prey densities we
opened the galls to count the number of individuals present. We
adopted the procedure of adding or taking out the superﬂuous prey
items, except for the eggs which had densities adjusted only by
taking the superﬂuous.
Galls containing eggs, larvae/prepupae, or adults in their
respective densities were placed in glass vials of 2 cm diameter
and 8 cm tall; immediately afterward, one predatory adult female
anthocorid was released inside the vial containing the prey and the
vial was closed with PVC ﬁlm. To allow gas exchange and to avoid
moisture formation inside the vial, small holes were punched into
the PVC ﬁlm using a number 0 insect pin. Simultaneously, three
replications of each prey stage and density were set up without
predators to measure prey natural mortality. Vials containing prey
and predators were kept inside a climatic growth chamber regu-
lated to 25 ± 1 C, 65 ± 8% of relative humidity, and 12 h of photo-
phase. The degree of predation upon thrips eggs, larvae/prepupae,
and adults was recorded after 48 h. Eggs and larvae/prepupae at-
tacked by the predator became shriveled in appearance; we con-
sidered adults to have been attacked when they were inactive.
The natural mortality in vials without a predator was less than
3.2% across all replications. Therefore, analyses were run without
corrections for natural mortality. Based on the number of prey at-
tacked (Na) as a function of the initial number of prey available
(N0), the data on predation were analyzed using the two-step
methodology of functional response. In the ﬁrst step, the generalshape of the functional response curve, which is based on a logistic
regression of the number of prey consumed per density, was deter-
mined through the CATMOD procedure using SAS (SAS Institute,
1999). The cubic model was initially tested due to its capacity to
detect the most possible functional response graph variations,
and the sign of the linear coefﬁcient of the equation obtained
was used to determine the type of functional response, as de-
scribed by Juliano (1993). The second step consisted of determin-
ing the handling time (Th) and attack rate (a0) parameters of the
functional response. These parameters were estimated with
nonlinear least square regression based on the proportion of prey
eaten (Na/N0) as a function of the initial prey densities (N0) (PROC
NLIN; SAS Institute, 1999). The functional response parameters Th
and a0 determined for M. confusa preying upon different stages of
thrips were compared statistically using the 95% conﬁdence inter-
val mean overlapping procedure (Di Stefano, 2005).
2.4. Defense against predation
All developmental stages of G. ﬁcorum can be found sharing the
same gall. In these galls, it is common to observe thrips adults
(presumed parents) standing over the eggs, displaying a defensive
posture against conspeciﬁcs and predators. Thus, these trials
compared egg predation by M. confusa with adult thrips present
or absent in the gall.
To initiate the trials, we ﬁeld-collected newly formed galls as
described before. In the laboratory, these galls were inspected to
remove other arthropods and to select those with recently laid
egg batches and with adults present. Two treatments were set
up. The ﬁrst treatment consisted of galls with egg batches plus
adult thrips (herein ‘‘+thrips’’), and the second treatment consisted
of galls with egg batches but without adult thrips (herein
‘‘thrips’’). A total of 67 galls hosting from 2 to 126 eggs and from
2 to 8 adult thrips per gall were exposed to egg predation by oneM.
confusa adult female per gall over a 24 h period. The second treat-
ment consisted of 72 galls hosting from 11 to 117 eggs per gall;
eggs in these galls were exposed to one female adult of M. confusa
without adult thrips in the gall. Each gall was considered one rep-
lication. The variation on number of eggs per gall was maintained
as collected from the ﬁeld to avoid inﬂuencing the natural behavior
of thrips. Predation exposure and evaluation procedures were
similar to those for previous tests. After 24 h from releasing the
predator, each gall was opened under a stereomicroscope
(10–40x) to record the number of eggs that had been preyed upon.
In the treatment +thrips, the number of unpreyed eggs was also
determined to adjust the number of eggs available initially, consid-
ering that the female kept in the gall might lay more eggs during
the 24 h observation period. The number of adult thrips killed
was also recorded. These data (not shown) indicate a range of
0–2 dead adult thrips per gall irrespective of egg density or number
of adult thrips initially present.
The hypothesis of adult thrips interference on predation of eggs
byM. confusawas analyzed by using Proc ANOVA of SAS (SAS Insti-
tute, 1999) to compare the treatments +thrips and thrips in the
gall as function of egg densities per gall and the interaction of
egg densities and treatments. Moreover, the number of preyed-
upon eggs as a function of the initial egg density in the gall was cal-
culated using the regression analysis performed by Proc REG of SAS
selecting the equation with signiﬁcant parameters (P < 0.05) and
the greatest coefﬁcient of determination (R). Furthermore, to test
the hypothesis that thrips adult presence in the gall might change
egg predation across the densities of eggs in the galls, the linear ﬁt-
ted models were compared. Thus, the linear slopes of ﬁtted models
of egg predation as function of egg densities in the galls were com-
pared between treatments +thrips and thrips using PROC MIXED
of SAS to test the equality of linear slopes (SAS Institute, 1999).
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This trial was set up to investigate prey consumption byM. con-
fusa when all thrips developmental stages were simultaneously
present in the gall compared to consumption when only a single
stage was available. According to Cock (1978), preference behavior
exhibited by a predator is only accurately assessed when the result
is maintained under the condition of variable prey availability.
Thus, the trial was conducted with varying proportions of the prey
stages.
As before, galls containing recently laid eggs were selected from
ﬁeld collections. In the laboratory, we adjusted the egg densities by
taking out the superﬂuous eggs in the gall, then adding or remov-
ing larvae/prepupae and adults to compose the treatments as-
signed to the proportions of these prey items. For these prey
preference trials, larvae and adults added came from different galls
to avoid the potential of parental behavior protecting the eggs.
Treatments consisted of prey availability in different proportions
in a manner that corresponded to either prey abundance or prey
scarcity for each prey stage, whether provided alone or with other
prey stages. Thus, the treatments included these ratios, respec-
tively, of eggs:larvae/prepupae:adults – 05:25:25 (12 replications);
10:20:20 (12 replications); 20:15:15 (15 replications; 30:10:10 (12
replications); and 50:05:05 (13 replications). Treatments consist-
ing of only a single available prey stage included 80 eggs (20Fig. 1. Occurrence of gall-forming thrips Gynaikothrips spp. and of its predreplications); 20 larvae/prepupae (15 replications); and 20 adults
(14 replications).
The procedure adopted to expose prey to predation by M. con-
fusa was similar to that for the previous trials. After 24 h of prey
exposure to one M. confusa adult female the number of prey items
killed was recorded. Furthermore, to allow comparisons of preda-
tion within and among treatments, the number of prey of each
stage that had been killed was transformed into percentage of prey
consumed as function of the initial prey density. Then, the data
were tested under the null hypothesis that no prey preference im-
plies the expectation of an equal percentage of predation regard-
less of prey proportion. These analyses were performed using the
Proc Freq of SAS (SAS Institute, 1999), and interpretation was
drawn through chi-square testing at 5% signiﬁcance level.
3. Results
3.1. Association of Gynaikothrips and Montandoniola confusa
From collections made in 36 locales covering ﬁve geographic re-
gions of Brazil (Fig. 1), Gynaikothrips spp. were present in all places
where the plants of Ficus spp. were also present. Among all sites
surveyed (36), M. confusa was not found at nine speciﬁc sites
(25%) but this predator was present in other locations in the same
region (Fig. 1).ator Montandoniola confusa from surveys in different locales of Brazil.
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during the collections made in the State of Pernambuco: Chilocorus
nigrita (Fabr.), Harpasus quadrifolium Gonzales Corrêa & Almeida, H.
paladabris and Delphastus sp. These predatory ladybird beetles
were found associated with galls of F. microcarpa infested with
the whiteﬂy Singhiella simplex (Singh) (Hem.: Aleyrodidae).
3.2. Functional response of Montandoniola confusa to different
densities of Gynaikothrips ﬁcorum
The predation rate of female M. confusa upon G. ﬁcorum varied
as a function of the tested developmental stage of the thrips (i.e.,
eggs, larvae/prepupae, and adults) and the initial density of the
prey (N0) available to the predator (Table 1 and Fig. 2). The average
rate of egg predation was signiﬁcantly higher compared toTable 1
Estimated parameters of the logistic regression between the proportion of eggs, larvae/prep
prey densities between 40 and 150 eggs and between 2 and 32 larvae/prepupae or adult
Thrips Parameters Values (±SE)
Eggs Intercept 3.3534 ± 0.2100
Linear 0.0309 ± 0.0059
Quadratic 9.5  105 ± 2.8 
Larvae/prepupae Intercept 2.2653 ± 0.3354
Linear 0.1668 ± 0.0398
Quadratic 0.0023 ± 9.6  10
Adults Intercept 1.4911 ± 0.1254
Linear 0.0620 ± 0.0050
Quadratic –
Fig. 2. Left: Average number of eggs, larvae-prepupae and adults of Gynaikothrips ﬁcorum
N0) by adults of Montandoniola confusa as function of the initial prey densities (N0) durpredation upon larvae/prepupae and adults; however, predation
rates on these last two stages were statistically similar (Table 2).
The effect of prey density revealed a type II functional response
for M. confusa females preying upon all tested stages of G. ﬁcorum
(Table 1). This outcome agrees with the decreasing proportion of
prey attacked as function of prey availability (Fig. 2 – graphics at
right). The predation behavior, characterized by a type II functional
response, indicates that the searching rate is linear as a function of
initial prey availability (a0 = bN). Further, the searching rate was
limited by the area available to the predator, consisting of galls
of nearly the same size across all tested densities. Therefore, the
number of prey attacked could be calculated by the ratio between
the exposure time to predation (48 h) and the handling time per
prey item attacked (Th). This result showed that the predation by
M. confusa upon thrips eggs was signiﬁcantly higher across theupae, and adults of Gynaikothrips ﬁcorum attacked by Montandoniola confusa at initial
thrips per Ficus microcarpa gall.
DF v2 P
1 125.72 <0.0001
1 26.64 <0.0001
105 1 11.36 0.0008
1 47.61 <0.0001
1 17.55 <0.0001
4 – 6.00 0.0143
1 141.48 <0.0001
1 149.19 <0.0001
– – –
preyed (Na) and; right: proportions of eggs, larvae-prepupae and adults preyed (Na/
ing 48 h of exposure to predation in galls of Ficus microcarpa.
Table 2
Mean values (95% conﬁdence intervals) of searching rate [a0 (h1)] and handling time [Th (h)] forMontandoniola confusa feeding on eggs, larvae/prepupae or adults of Gynaikothrips
ﬁcorum in galls of Ficus microcarpa and estimated number of prey attacked during the observation period (T = 48 h/Th).
Thrips stagesa Searching rate – a0 Handling time – Th T/Th
Eggs 0.00108 b (0.0005–0.0016) 0.41 b (0.32–0.48) 117.0 a (100.0–150.0)
Larvae/prepupae 0.008 a (0.003–0.015) 4.44 a (3.87–5.01) 10.8 b (9.58–12.4)
Adults 0.007 a (0.003–0.012) 3.88 a (3.39–4.38) 12.3 b (10.9–14.1)
a Means followed by the same letter in the column are not signiﬁcantly different, 95% conﬁdence intervals overlapping rule.
Fig. 3. Predation of Gynaikothrips ﬁcorum eggs by Montandoniolla confusa under the
condition of presence (+thrips) and absence (thrips) of the thrips adult in the gall.
A: Number of eggs preyed as function of egg densities in the gall; and B: Mean
percentage of egg preyed considering four class of number of eggs per gall.
⁄Asterisks stand for signiﬁcant difference between the treatments +thrips and
thrips (Fisher’s test from ANOVA), and ns stands for no signiﬁcant difference at
0.05 signiﬁcance level.
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adult thrips (Table 2).
3.3. Adult defense against predation
The number of G. ﬁcorum eggs preyed upon byM. confusa varied
as a function of egg density per gall (Fdf = 3, 131 = 94.05,
P < 0.0001), as a function of the treatments +thrips and thrips
in the galls (Fdf = 1, 131 = 93.75, P < 0.0001), and as a function of
the interaction of the treatments and egg densities (Fdf = 3,
131 = 8.44, P < 0.0001). Egg predation by M. confusa increased line-
arly in both treatment conditions (thrips: y = 6.96 + 0.779x,
F = 556.16, P < 0.0001, r2 = 0.88; +thrips: y = 9.72 + 0.449x,
F = 52.58, P < 0.0001, r2 = 0.44). Furthermore, egg predation as a
function of egg densities was statistically higher in the treatment
in which adult thrips were absent from the galls (thrips) (Proc
Mixed of SAS for equality of linear coefﬁcient: b1–b2 = 0.27 ± 0.06,
t1, 134 = 4.00, P = 0.0001) (Fig. 3A).
The inﬂuence of adult thrips in the gall on protecting eggs from
predation byM. iconfusa was statistically signiﬁcant only on densi-
ties of over 30 eggs per gall, a result that explains the interaction of
egg densities and treatments +thrips and thrips on egg predation
(Fig. 3B). At lower egg densities (<30 eggs per gall), egg loss was
not affected by the presence of adult thrips in the gall
(P = 0.3866). The difference on number of eggs preyed upon be-
tween the treatment +thrips and thrips varied from 4.2% for
egg densities below 30 eggs per gall to 50% for egg densities of
over 90 eggs per gall (average of eggs preyed ± SE, +thrips,
42.0 ± 16.26; and thrips, 84.8 ± 5.47 eggs). Egg predation rates
became more variable as egg densities per gall increased (greater
error bars in Fig. 3B for egg densities >31 eggs per gall). As a result,
although egg predation decreased numerically as the number of
adult thrips in the gall increased (1–8), the change was not large
enough to show a statistically signiﬁcant difference (y = 99.39–
2.51x, r2 = 0.09, P = 0.68).
3.4. Predation preference upon thrips stages
Simultaneous exposure of the predator to different proportions
of thrips in all stages of development indicates that M. confusa
clearly prefers thrips eggs over larvae/prepupae and adults
(Table 3). Despite varying the proportional availability of number
of eggs and subsequent developmental prey stages, egg consump-
tion was always higher (85–100%, Table 3). Furthermore, irrespec-
tive of varying the absolute number of different prey stages in the
galls, the predation of eggs was always equally high, whereas pre-
dation upon larvae/prepupae and adults lessened with increasing
availability of eggs.4. Discussion
The ‘‘snap-shot’’ survey adopted in this study aimed only to
show the association of the predator and its thrips prey, and results
showed clearly that the predator M. confusa and the gall-forming
thrips G. ﬁcorum are associated and spreading alongside oneanother throughout Brazil. This is the ﬁrst report of M. confusa in
South America. Because both thrips and predator occur together
in the gall, it is likely that they are being spread through ornamen-
tal plant marketing.
In all locales where the predator was found, different develop-
mental stages of the predator were present in the gall. Predator
eggs are inserted into the gall tissue around or in the middle of
the thrips eggs, while nymphs run freely inside the gall. Moreover,
adult predators can leave the gall when the galls are opened, but
quickly enter another nearby gall. Thus, a straight association of
the predator with its prey is established in the microcosm that is
formed by the gall induced by the thrips in the ﬁeld. This supports
Table 3
Predation upon eggs (E), larvae/prepupae (LP) and adults (A) of Gynaikothrips ﬁcorum by Montandoniola confusa under different proportions of prey stages available in the gall of
Ficus microcarpa.
E - LP – A (replications) Percentage of prey consumed (Average of prey consumed) av2-testP-value
Eggs Larvae/prepupae Adults
05-5-25 (12) 100 ± 0 A (5.0) 35.6 ± 5.07 Ba (8.7 ± 1.15) 13.6 ± 4.01Cb (3.7 ± 0.93) df = 2, v2 = 39.81<0.0001 df = 1, v2 = 4.220.0395
10-20-20 (12) 100.0 ± 0 A (10.0) 50.4 ± 3.19 Ba (10.1 ± 0.60) 47.7 ± 7.03 Ba (10.0 ± 1.41) df = 2, v2 = 13.670.0013 df = 1, v2 = 10.200.6506
20-15-15 (15) 100.0 ± 0 A (20.0) 43.8 ± 4.06 Ba (6.6 ± 0.61) 50.0 ± 7.27Ba (7.5 ± 1.09) df = 2, v2 = 13.460.0012 df = 1, v2 = 0.2050.6852
30-10-10 (12) 99.4 ± 1.92 A (29.6 ± 0.01) 40.8 ± 5.95 Ba (4.1 ± 0.59) 21.6 ± 8.15Ba (2.4 ± 0.54) df = 2, v2 = 29.130.0001 df = 1, v2 = 2.440.1178
50-05-05 (13) 85.2 ± 5.96 A (42.7 ± 3.47) 21.5 ± 6.02 Ba (0.7 ± 0.31) 13.5 ± 3.18 Ba (0.3 ± 0.19) df = 2, v2 = 35.66 <0.0001 df = 1, v2 = 1.070.3008
80-00-00 (20) 78.9 ± 4.72 (62.4 ± 4.25) –b – –
00-20-00 (15) – 25.5 ± 4.10 (5.2 ± 0.82) – –
00-00-20 (14) – – 22.5 ± 3.50 (4.2 ± 0.67) –
a df (degree of freedom = 2) stands for chi-square results testing the hypotheses for equal percentage of predation across all thrips stages (E, LP, and A) represented by
capital letters; df = 1 stands for chi-square results testing the hypotheses for equal percentage of predation between LP and A represented by small letters.
b No values due to the treatment design.
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tween M. confusa and the prey G. ﬁcorum (Paine, 1992).
The close association of M. confusa with its prey is an important
asset for any consideration of this species’ potential use in biolog-
ical control. The presence of all stages of both the predator and the
prey within a spatially limited microcosm creates a situation sim-
ilar to that encountered in other studies that have focused on mos-
quito larvae and their predators in such varied situations as
treeholes (Edgerly et al., 1999; Griswold and Lounibos, 2006),
pitcher plants (Miller and terHorst, 2012), and bromeliads
(Richardson, 1999). The issue of spatial limitation has meaning
for predator–prey interactions because the relative areas available
for prey escape and for predator searching constitute one of the
most important sets of variables affecting predation rates in the
ﬁeld (Wiedenmann and O’Neil, 1992. This has the potential to cre-
ate a discrepancy between ﬁeld and laboratory results (Oliveria
et al., 2001), but in our study, the laboratory set-up closely mim-
icked that which would occur in the ﬁeld, and thus our results
could easily be extrapolated.
Another major obstacle that can hinder the widespread use of a
predaceous insect species in applied biological control is predator
dispersion from releasing sites (Neves et al., 2009). Predators are
generalists with few exceptions, and by being generalists they pre-
fer sites where guarantee prey availability. In many cases, the
places with abundant prey and sites most favorable to the predator
might not be the crop ﬁeld hosting the pest species targeted by the
release.
As estimated through the handling time (Th) of the functional
response and total time of observation (T/Th), predation rates for
eggs, larvae/prepupae and adults of thrips and their respective con-
ﬁdence intervals show strong model prediction based on the ob-
served data (Table 2 and Fig. 2 left). For instance, the mean prey
consumption in the highest prey densities available was 103.7
eggs, 10.8 larvae/prepupae, and 12.3 adults, respectively (Fig. 2).
These results characterize the power of the functional response
parameters calculated to reproduce the estimation of the predation
of different thrips stages available in the gall.
As our results demonstrate, M. confusa prey upon all develop-
mental stages of thrips when they are singly available. This ﬁnding
agrees with a report published under the older name Macrotrachi-
ella nigra Parshley (=M. confusa after Pluot-Sigwalt et al., 2009) in
which this predator consumed, on average, 12.6 adults and 8.5 lar-
vae of G. ﬁcorum when having available 75 adults or 75 larvae,
respectively (Paine, 1992). However, their predation has a greater
impact on eggs than on larval and adult stages. Corroborating this,
searching rate and handling time were signiﬁcantly lower for pre-
dators preying upon eggs (Table 2). The preference ofM. confusa for
consuming thrips eggs has also been noted with the conspeciﬁc
thrips species G. uzeli (Arthurs et al. (2011).Defensive behavior by adult thrips did not change this prefer-
ence (Fig. 3 and Table 3). The presence of adult thrips resulted in
lower egg predation only under conditions of high egg availability,
when the predator is likely already satiated and prey availability is,
on average, higher than the number of eggs consumed per day
(80 eggs, Table 3).
Why doesM. confusa prefer thrips eggs? On one level, the great-
er predation on thrips eggs might be explained by superior nutri-
tional quality of the eggs as food, and the fact that under most
conditions they are more abundantly available compared to subse-
quent developmental stages. Predatory heteropterans such as
anthocorids and geocorids which feed on different developmental
stages of their prey usually achieve superior performance preying
upon eggs (Torres et al., 2004; Jalalizand et al., 2011). On another
level of explanation, these eggs presumably do not offer resistance
against predatory attack; they can neither ﬁght nor ﬂee, whereas
larval, pupal, and adult stages of G. ﬁcorum might exhibit anti-
predator behavior that reduces predatory success and biological
performance.
Across the animal kingdom, relative prey shortage or abun-
dance affects behavior in powerful ways. For Montandoniola (and
perhaps a wide range of other predatory heteropterans) encounter-
ing adequate numbers of gall inhabitants of all ages and/or poten-
tial satiation, the balance of beneﬁts (nutritional quality, ease of
capture) versus costs (potential interference from guarding adults,
anti-predator defenses of larvae and adults) might be expected to
swing in the direction of egg predation. Predation on advanced
developmental stages of Thrips tabaci Lindman (Thysanoptera:
Thripidae), for example, was also reduced when the predatory
mites Neoseiulus barkeri Hughes and Neoseiulus cucumeris (Oude-
mans) (Acari: Phytoseiidae) became satiated (Bakker and Sabelis,
1989). Under intermediate conditions of progressively lower prey
availability, the predator might be expected to become increas-
ingly prone to disregard the attentions of defensive thrips adults
and to attack other thrips life stages.
A predator’s attack and subsequent successful ingestion and
conversion of that prey into new predators are key processes that
indicate the biological performance of the predator and its poten-
tial to regulate a pest population (Hassell, 1978; Torres et al., 2004;
Brito et al., 2009). Our data indicate that when 5–30 eggs per gall
day1 are available to them, adult M. confusa generally prey upon
100% of the eggs in the gall plus additional larvae and adults of
thrips if available (Fig. 3 and Table 3). Egg densities <30 eggs sug-
gest prey shortage and stimulate greater predation on thrips larvae
and adults, but increasing egg availability, a situation that is com-
mon in the galls found in the ﬁeld, will sustain the predator that
avoids preying upon larvae and adults. As others have noted (Cock,
1978; Chesson, 1983; Butler et al., 2008; Xu and Enkegaard, 2010),
changes in predator prey preference might be predicted to occur
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of prey combinations is a recommended methodology to test prey
preference. It is interesting to note that despite preferring to prey
upon eggs, M. confusa feeds upon and develops using all thrips
stages, a ﬂexible strategy that allows the predator to sustain its
population in the ﬁeld irrespective of the prey stage available. It
is possible that in some situations they may even feed upon non-
related arthropods; although they are essentially thrips feeders,
anthocorid predators have also been reported feeding upon lepi-
dopteran eggs, whiteﬂies, mites, and aphids (Lattin, 2000; Xu and
Enkegaard, 2009; van Lenteren, 2011).
Even when records are included for M. moraguesi and M. nigra,
now considered synonymous with M. confusa (Pluot-Sigwalt
et al., 2009), there are few published studies on the biology and
predation behavior of this predator group. However, there have
been two recent investigations with Montandoniola. Arthurs et al.
(2011) conducted an excellent study of M. confusa from prey pref-
erence to greenhouse release, showing its potential to control the
thrips species, G. uzeli. Yamada et al. (2011) published the descrip-
tion and biology of a related species,Montandoniola indica Yamada,
that preys upon the pepper gall-forming thrips, Liothrips karnyi
Bagnall (Thysanoptera: Phlaeothripidae). In their trials in Petri
dishes, these latter authors report thatM. indica in the ﬁrst and sec-
ond instar preferred to prey upon eggs of thrips, while older nym-
phal stages and adults of the predator preferred to prey upon adult
thrips. During 24 h-observation periods, females and males of M.
indica killed an average of 4.2 and 2.8 adults of L. karnyi, respec-
tively. Yet, the ingestion time observed for ﬁve adult females var-
ied from 12 to 74 min for ﬁrst and second prey attacked and
several hours for subsequent thrips attacked (time not speciﬁed).
Moreover, it is known that the ﬁrst prey item attacked by preda-
tory heteropterans is handled more quickly than subsequent prey
items due to the satiation level of the predator (Cohen, 1998). Also,
the average number of thrips attacked by M. confusa during the
observation period in our study was about 3-fold the average num-
ber of thrips attacked by M. indica (i.e., 12.3 versus 4.2 thrips). In
fact, it is important to highlight that the anthocorid genusMontan-
doniola seems to offer an entire group of potentially useful preda-
tors to expand our ability to target different species of gall-forming
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